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Many studies have been devoted to attempts
to find the mechanism by which allergic cc-
zematous contact sensitization of the skin be-
comes established in laboratory animals and in
man. And numerous efforts have been made to
explain the mechanism responsible for per-
sistence of this sensitivity as well as the positive
skin response which follows contact with the
responsible allergen. Despite these efforts many
of the details of these mechanisms still remain
unknown. One of the unsolved problems in this
respect is the localization and disposition of the
responsible allergen following its application to
the previously sensitized skin.
In the attempt to study this problem, several
investigators have used various simple chemical
allergens which were easily obtained in a radio-
active form. In that the previous methods which
had been used to study this problem were in-
adequate, it seemed logical to use radioactively
tagged allergens as a possible means of tracing
and identifying even minute amounts of the re-
sponsible allergen. The investigations of Hax-
thausen with radioactive cobalt chloride (Co60)
(1), NØrgaard with radioactive nickel sulfate
(Ni67) (2), and Witten, Grayson and Birnbaum
with radioactive mercury bichloride (Hg'°') (3)
failed to demonstrate any difference in the time
or rate of disappearance of the radioactively
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tagged allergens from the skin of patients known
to be allergically sensitive to these agents and
from the skin of non-sensitive control subjects.
In order to study this problem further ac-
cording to our plan, it was obvious that pre-
liminary investigations would have to be done
on laboratory animals, rather than on man.
For our purposes dinitrochlorobenzene was
chosen as the allergen, and the guinea pig as the
test animal.
The guinea pigs were sensitized by external
application of non-radioactive dinitrochloro-
benzene and after an appropriate waiting period
were challenged with a specified amount of radio-
active dinitrochlorobenzene. At various intervals
thereafter both sensitized as well as control
animals which had been challenged, were sacri-
ficed so that selected tissues could be removed
for quantitative analysis for the amount of
radioactivity present. These tissues were the
skin, lymph nodes, spleen, liver, huffy coat, red
blood cells and plasma. In addition, auto-
radiograms of many of these tissues were made in
an attempt to localize the sites of deposition of
the radioactive tag.
MATERIALS
1. Radioactive dinitrochlorobenzene: Chioro-
benzene1Ci4* was nitrated to 2:4 dinitro-
chlorobenzene-1-C'4 (DNC'4B) and recrystal-
lizedt. The DNC'4B thus obtained has a specific
activity of 0.043 millicuries/millimole. C' has a
half-life of over 5000 years and is a pure beta
emitter.
2. Non-radioactive dinitrochlorobenzene: 2:4
dimtroehlorobenzenel (DNCB) was recrystal-
lized for use.
97
* Obtained from Tracerlab, Boston, Mass.
t By Isotopes Specialities, Berkeley, Calif.
Obtained from the Eastman Kodak Company,
Rochester, N. Y.
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ANIMALS
Pen inbred albino guinea pigs particularly
susceptible to sensitization with DNCB were
used (4). Both male and female animals weigh-
ing between 450 and 600 grams were selected
for use.
PROCEDURE
1. Sensitization
The guinea pigs were sensitized according to a
method of Chase (5), by applying 0.5 ml of a 2%
solution of DNCB in 95% alcohol for 6 consecu-
tive days to an area on the nape of the neck
from which the hair had been clipped. Two weeks
after the last sensitizing application the guinea
pigs were tested for allergic sensitivity by the
application of one drop of 1% DNCB in olive
oil to a clipped area on the left flank*. As an
additional control, at the time the animals were
tested for allergic sensitivity, a drop of the olive
oil used as the diluent was also applied to the
skin in order to rule out any primary irritant
effect. All animals treated in this manner have
given positive reactions to the DNCB. For each
sensitized anima], a non-sensitized control of the
same age and sex was selected.
. Challenge
The previously sensitized guinea pigs and
the control animals were challenged by applying
0.3 ml of a 1%, 2.5% or 5% solution of DNC'4B
in U.S.P. olive oil (and rubbing gently with a
glass rod) to an area 2 x 2 inches square on the
right flank from which the hair had been closely
clipped.
In an attempt to produce a non-allergic pri-
mary irritant reaction which resembles as closely
as possible the local changes produced in the
skin of the sensitized animals after challenge,
tincture of cantharides, N.F. was applied to the
test area of the control animals 30 minutes prior
to challenge with DNC'4B.
At various times after the guinea pigs were
challenged they were bled by intracardiac
puncture under ether anesthesia following which
they were sacrificed by continuing the anesthesia.
* This procedure of a separate testing of the ani-
mals for the presence of allergic sensitization was
necessary in that some of the "sensitized" animals
were sacrificed less than 4 hours after "challenge",
which is before any positive skin reaction is or-
dinarily noted.
Fifteen ml of blood, or more, were easily with-
drawn in heparinized syringes from a 500 gram
guinea pig by this method. From this a sufficient
quantity of white blood cells could be obtained
for further study. After death of the animals
other tissues were excised, including the regional
inguinal lymph nodes, spleen, liver and skin
(including stratum carnosum) from the site
challenged. These tissues were dried under 20—24
inches of vacuum at 35°C temperature, then
ground and analyzed for radioactivity. Parts
of the tissues were also prepared for histologic
examination according to conventional technics
and for autoradiography by methods previously
described (6).
3. Analysis for the presence of radil)activity
The Van Slyke-Steele-Plazin method (7) of
carbon combustion was used to obtain the small
amounts of radioactive carbon (C'4) present in
the dried tissues. By this method the C'4 in the
tissues is combusted to radioactive carbon di-
oxide. This radioactive gas is collected in a
Bernstein-Ballantine tube filled with P-b gas
(Argon-Methane mixture), which in turn is con-
nected to an appropriate scaler for proportional
counting. This technic permits the study of
specimens of tissues weighing only a few milli-
grams (such as the buffy coat or lymph nodes)
with a counting efficiency of about 75%.
4. Separation of the buffy coat (white blood cells)
The heparinized blood obtained by intra-
cardiac puncture was centrifuged at 2500 RPM
for 20 minutes. The plasma was aspirated with a
suction pipette and the remaining compact buffy
coat layer was collected from the tube with a
curved spatula.
5. Separation of spleen cells
The spleen was lightly ground with saline in a
Ten Broeck homogenizer; the fibrous tissue and
most of the red blood cells were precipitated by
light centrifugation, following which the super-
natant fraction was recentrifuged, yielding a
compact layer of mononuclear cells. This procedure
yielded an almost pure preparation of mononuclear
cells.
FURTHER IXPERIMENTAL PROCEDURE
AND RESUIIS
A total of 36 animals (18 previously sensitized
to DNCB and 18 controls) were challenged with
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FIG. 1. Mean radioactivity in skin after thai-
lenge with 2.5% DNC4B.
DNC1B and at various times thereafter were
sacrificed in pairs (one previously sensitized and
one control animal). Selected tissues were then
dissected from the dead animal so that they could
be analyzed for radioactivity. Of these 18 pairs,
6 pairs were challenged with 1% DNC14B in
olive oil and were sacrificed 3, 5, 6, 7 and 12 hours
thereafter. Two pairs were challenged with 5%
DNC14B in olive oil and were sacrificed 6 hours
later. The remaining 10 pairs were challenged
with 2.5% DNC14B in olive oil and were sacri-
ficed after 1, 3, 4, 5, 6, 9 and 12 hours.
Initially a 1% solution of DNC'4B was used
to challenge the test animals. However, due to
the low specific activity of the DNC'4B, the low
concentration in the 1% solution provided in-
sufficient radioactivity to be detected by our
methods in the internal organs and therefore the
concentration was increased to 2.5%.* It was
found that 0.3 ml of a 2.5% solution of DNC'4B
(equivalent to a total of 3.5 X 106 disintegrations
per minute) provided sufficient, although still
small, amounts of radioactivity to be identified
by our methods in very small specimens of tissue.
Increasing the concentration of the DNC'4B, as
for example to 5%, did not appear to yield data
which could be more easily interpreted.
Application of tincture of cantharides to the
* While we were aware of the possibility that a
2% concentration of DNCB in olive oil may on
occasion produce gross primary irritation on a
non-allergic basis (8), the 2.5% concentration of
DNC'4B was necessarily used because we were
unable to obtain DNC'4B with a higher specific
activity.
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FIG. 2. Mean radioactivity in bufly coat after
challenge with 2.5% DNC14B.
site of challenge on the control animals prior to
the application of DNC'4B was initiated only
after 7 control animals had been sacrificed follow-
ing the use of DNC14B alone. The gross appear-
ance of the skin reaction which resulted from the
application of the tincture of cantharides was to
some degree similar to that which followed chal-
lenge of the sensitized animal. These changes
produced by the tincture of cantharides, however,
did not result in findings any different from those
obtained when the DNC'4B was applied to the
non-irritated skin site of the control animals.
Definite differences in the amount of radio-
activity found in sensitized and control guinea
pigs after challenge with DNC'4B were noted in
2 of the 7 tissues studied, (1) the skin, and (2)
the buffy coat layer of the blood.
When similar areas were excised from the site
of challenge with DNC'4B it was found that the
skin from the control animal contained con-
siderably more radioactivity per mg than that
from sensitized animals (Fig. 1). This difference
in values is consistent and is noted at 12 hours
following challenge as well as for 1 hour there-
after.
Although no constant differences in the amount
of radioactivity present in the regional inguinal
lymph nodes nor in the spleen of control and
sensitized animals were found, the buffy coat of
sensitized animals contained more radioactivity
per mg than that of control animals (Fig. 2).
While the levels of radioactivity were found to
be quite low for both sensitized and control ani-
mals (2 to 15 counts per minute per mg) the
ratio was 2 to 1 in almost all pairs of guinea pigs
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sacrificed between 3 hours and 7 hours after
challenge.
When it was ascertained that there was a
difference in the amount of radioactivity per mg
of buffy coat from sensitized and control animals,
both total and differential white blood cell counts
were made on 7 pairs of animals at the time they
were sacrificed. This was done in an attempt to
relate the higher radioactivity found in the huffy
coat of the sensitized animal to an increase in
one or more of the white blood cell type, i.e.
polymorphonuclear leukocytes, lymphocytes or
monocytes. No coiwistent differences were found
in the white blood cell counts of sensitized and
control animals when done within 12 hours after
challenge.
Another positive finding was that between 3
and 12 hours after challenge the weight of the
spleen cells which were obtained was consistently
and substantially greater in the control animals
than in the sensitized ones. The radioactivity in
these cells was very low, and was similar on a
per milligram basis in both sensitized and control
animals. Spleens from 7 pairs of challenged guinea
pigs were examined.
Little or no radioactivity (0 to 2 cpm/mg) was
found in the red blood cells and liver of any of
the guinea pigs. The radioactivity in the serum
was somewhat higher (2 to 6 cpm/mg) and there
was no difference between sensitized and control
animals.
Study of the autoradiograms prepared from
these tissues, to date, shows insufficient evidence
of radioactivity to be of any value. Specimens
are being exposed for longer periods of time for
examination at a later date.
niscussiow
While the small number of animals studied
under the many varied conditions of these inves-
tigations does not yield results which can be
statistically analyzed, several of the results ob-
tained show a trend so definite that they are
worthy of reporting. In particular they indicate
that these investigations should be continued
along more specific lines. It appears to us that
the following two findings are particularly worthy
of further discussion: (1) The lesser amount of
radioactivity in the skin of the sensitized guinea
pigs as compaied to the control guinea pigs fol-
lowing challenge with DNC'4B, and (2) the
higher amount of radioactivity in the buffy coat
of the sensitized guinea pigs as compared to con-
trol guinea pigs following challenge with DNC14B.
The lesser amount of radioactivity found in
the skin of the sensitized guinea pigs as compared
to control animals following challenge with
DNC'4B may be the result of several possible
mechanisms. Among them are: 1) a more rapid
loss of radioactivity, externally, as a result of a
more successful effort by the sensitized animal
to cast off the allergen from the site of challenge,
2) an increased rate of removal of the radioac-
tively tagged allergen, internally, achieved by
the increased vascular, lymph and other fluid
flow to the site of challenge in the sensitized ani-
mal, 3) a more rapid removal of the radioactively
tagged allergen or its degradation products in the
sensitized animals resulting from processes asso-
ciated with the state of allergic sensitization. In
this regard, we do not think that preparation of
the control sites with tincture of cantharides is
adequate and we therefore contemplate more
exacting controls by sensitizing the control ani-
mals with a second, unrelated, non-radioactive
allergen, and then challenging the same test site
by the simultaneous application of both the
second allergen and DNC14B. Additional investi-
gations, intended to more rigorously control our
findings, will consist of the immobilization of
both sensitized and non-sensitized guinea pigs
in order to collect whatever radioactive sub-
stances may be lost externally and perhaps also
the collection of urine specimens of all animals
for analysis of radioactivity.
There is increasing evidence that the white
blood cells, in particular the mononuclear cells
play an important role in the mechanism of
allergic eczematous contact dermatitis (9—12),
and much has been written regarding the forma-
tion and transport of antibodies by these cells.
Our demonstration of a higher level of radio-
activity in the huffy coat of the sensitized guinea
pigs than in its other blood cells or serum, indi-
cates that the cells of the buffy coat carry at
least part of the responsible allergen (in this
instance, the radioactive tag) and suggests that
they are in some way associated with the allergic
process. This finding does not necessarily prove
or disprove the presence or absence of an anti-
body to the responsible allergen, DNCB. The
possibility of contamination of the buffy coat
with radioactivity from the circulating red blood
cells and serum can be ruled out in that the latter
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were shown to contain less than one-half the
amount of radioactivity found in the buffy coat.
It is interesting that after challenge with
DNC'4B the regional lymph nodes of both the
sensitized and control guinea pigs contained as
much radioactivity as the buffy coat of the
sensitized animals.
The fact that Seeberg (13) found an increase
in the number of polymorphonuclear leukocytes
in the circulating blood of sensitized guinea pigs
as compared to controls 4 to 7 hours after chal-
lenge with the allergen, DNCB indicates that
the polymorphonuelear leukocytes may be in-
volved in the skin response after challenge of
sensitized animals. It is possible then that the
polyniorphonuclear leukocytes pick up radio-
activity from tissues at the site of challenge with
DNC'4B in sensitized animals and that such is
not the case in non-sensitized animals.
However, to date, the results of counting the
numbers of white blood cells from our own animals
are inconclusive.
The finding of some radioactivity in the re-
gional lymph nodes of both sensitized and con-
trol animals, as contrasted to the absence of
demonstrable radioactivity in the lymph nodes
of the contralateral side is important as it points
out that the lymph nodes which drain the par-
ticular skin site which is challenged with DNC'4B
do pick up at least some part of the allergen.
In continued studies we propose to investigate
which of the cellular constituents of the buffy
coat specifically carry the radioactivity which we
have demonstrated. Only with these findings can
we hope to speculate further on this aspect of
the mechanism of allergic eczematous contact
dermatitis.
SUMMARY
In an attempt to study the mechanism of
allergic eczematous contact dermatitis radio-
actively tagged dinitrochlorobenzene-1-C'4
(DNC'4B) was used to challenge (1) guinea pigs
previously sensitized with non-radioactive dinitro-
chlorobenzene (DNCB), and (2) non-sensitized
control animals. The distribution and localiza-
tion of the allergen, or its metabolites, in various
tissues as evidenced by the presence of radio-
activity was ascertained by use of the Van Slyke-
Steele-Plazin method of carbon combustion and
proportional counting.
In comparing sensitized and non-sensitized ani-
mals challenged with DNC'4B it was found that
there was (1) a faster decrease in the amount of
radioactivity from the site of challenge in the
sensitized animals, and (2) a greater amount of
radioactivity in the buff y coat of the blood of the
sensitized animals.
The findings are discussed and some of the
possible mechanisms considered.
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DISCUSSION
DR. HmIMAN N. EISEN (St. Louis, Mo.): For
the last few years we have been carrying out
studies with C'4-labeled dinitrochlorobenzene
using a somewhat different approach than that
which Dr. Witten has described. There is one
point that I would like to mention in which we
have made observations similar to his, under
somewhat different circumstances. Dr. Witten
referred to the fact that when C'4 dinitrochioro-
benzene is applied to the skin of guinea pigs it
seems to disappear more quickly from the skin
of the sensitized animals than from normal ani-
mals. We have, in making our analyses of the skin
following the application of dinitrochlorobenzene,
been in the habit of extracting the skin first with
organic solvents in order to remove the low
molecular sensitizer which is not combined with
skin macromolecules. We thus make a distinction
between unreacted sensitizer and that which is
conjugated with skin proteins. The particular
difference which Dr. Witten has called attention
to, is ascribable, in our experiments, to unconju-
gated low molecular material which vanishes
from the skin more quickly in the case of sensi-
tive animals. We have felt pretty much as he has
that there is probably more rapid removal from
the inflammatory site of small diffusible mole-
cules, probably as a consequence of the tre-
mendously enhanced vascularity of such areas.
DR. SULZBERGER: Is it conjugated the same,
in sensitized and non-sensitized animals?
Du. EI5EN: Yes, as far as we can tell.
DR. VICTOR H. WITTEN (in closing): I want to
thank Dr. Eisen for his discussion.
I would like to say a few words concerning the
work which we did on human subjects with radio-
active bichloride of mercury. When radioactive
bichloride of mercury is applied to the skin of
individuals known to be allergic to mercurials and
to individuals not allergic to this allergen, the
rate of disappearance of the radioactivity from
the skin was the same for both according to the
technics used. Similar results have been reported
for radioactive nickel sulfate (NØrgaard, Acta
Dermat.-Venereol. 35: lii, 1955) and for radio-
active cobalt chloride (Haxthausen, Acta
Dermat.-Venereol. 34: 57, 1954).
If conjugation does take place it plays no
obvious role in retaining radioactivity at the site
of challenge in the allergic individual according
to the technics used.
However, we feel that the technics used in our
current study with C14 in guinea pigs are far more
sensitive than anything we have used in studying
the mechanisms of allergic eczematous contact
dermatitis in man.
